ABSTRACT Three experiments were conducted to determine and characterize plasma insulin-like growth factor-I (IGF-I) concentrations in Pekin ducks. Plasma IGF-I in Pekin ducks was assayed in a heterologous radioimmunoassay for human IGF-I. When treated with acid, the response dose of duck IGF-I was parallel to that of human recombinant (r) IGF-I. The effect of line (greater breast muscle thickness vs control) was determined in Experiment 1 in female ducks. The ducks with greater breast muscle thickness had higher (P < 0.05) plasma IGF-I concentrations than the control ducks. In Experiment 2, the effects of dietary protein, sex, and age were examined from 42 to 49 d of age. Three dietary programs that differ in dietary crude protein were used in this experiment. Ducks on the high protein program had (P < 0.05) higher
INTRODUCTION
Growth hormone (GH) is documented to have metabolic effects represented by nutrient partitioning toward less fat deposition and greater protein accretion (Davis et al., 1995) . Many of the anabolic effects of GH are mediated by insulin-like growth factor-I (IGF-I) (Guler et al., 1988) . Levels of IGF-I are dependent on GH secretion and stimulate body tissue growth (Dodson et al, 1996) . Hepatically derived endocrine IGF-I could have a role in the regulation of muscle growth in sheep (Pell and Bates, 1993) . Huybrechts et al. (1985) reported higher body weight and higher IGF-I concentrations in control broiler chickens than in sex-linked dwarf birds studied between 1 and 21 wk of age. Touchburn et al. (1981) observed lower plasma glucose in fat line than in lean line chickens whether in a feeddeprived or fed state and regardless of the dietary protein or energy levels. Studies with these lines revealed an effect of dietary protein concentration on growth and body composition. Feeding broilers decreased levels of 1 To whom correspondence should be addressed: chavez@agrad-m.lan.mcgill.ca 1307 plasma IGF-I concentrations than ducks on either medium or low protein programs. Males exhibited higher (P < 0.05) IGF-I than females. Plasma IGF-I concentrations decreased with age from 42 to 49 d. In Experiment 3, the effects of selection criterion (high or low breast muscle thickness to total breast thickness ratio) and the feeddeprived or fed state were studied in female Pekin ducks. The high ratio ducks were more affected by feed deprivation. These ducks had similar plasma IGF-I concentrations to low ratio ducks during feed withdrawal, but had higher (P < 0.05) concentrations when fed. These data contribute to an understanding of the influence of IGF-I on metabolism and will be of value to the improvement of lean Pekin duck production.
dietary protein resulted in decreased lean growth and increased fat deposition (Stewart and Washburn, 1984) . The higher plasma glucose in the lean line reported by Touchburn et al. (1981) may be due to the possibility of the lean birds having higher GH activity than the fat birds in addition to a lower insulin level. Foltzer and Mialhe (1976) reported an increase in plasma glucose after GH therapy in hypophysectomized ducks. In broilers, Decuypere et al. (1987) reported that chemical hypothyroidism caused by feeding methimazole resulted in reduction of IGF-I plasma concentration, increased fatness, and decreased lean growth.
Due to the high fat content of its carcass, the Pekin duck is the poultry species that could benefit the most from the characterization of metabolites involved in leanness. Insulin-like growth factor-I was studied in chickens, turkeys, and Japanese quail but not in ducks.
In recent studies on carcass quality improvement of Pekin ducks, we used ultrasound measurements to select ducks for greater breast muscle thickness. The selected ducks had reproductive performance similar to that of Abreviation Key: BM = breast muscle thickness; GH = growth hormone; IGF-I = insulin-like growth factor-I; r = recombinant; TB = total breast thickness. control ducks (Farhat et al., 1998a) , but yielded carcasses lower in fat and higher in protein content than the controls (Farhat et al., 1998b) . Three experiments were conducted to characterize the biochemical differences between lean and fat Pekin ducks, to assess the effects of dietary protein, sex, and age during the last week of growth on selected parameters, and to measure metabolic differences. The objective of the present study was to examine the effects of genetic line, dietary protein, sex, age, and the feed-deprived or fed state on plasma IGF-I in White Pekin ducks.
MATERIALS AND METHODS

Experiment 1
The description of this experiment has been presented elsewhere (Farhat et al., 1998b) . In short, 624 ducklings of two lines (control and greater breast muscle thickness lines) were weighed by groups of 26, randomly distributed into 24 floor pens, and raised from 1 d of age on a commercial feeding program based on corn and soybean meal. The diets had 22.69, 18.83, and 17.43% CP for the starter (Weeks 1 to 2), grower (Weeks 3 to 4), and finisher (Weeks 5 to 7) diets, respectively. At 7 wk of age, blood samples (5 mL from the wing vein) were taken from 12 female ducks per line. The carcasses were ground, and subsamples were taken for analyses. Following freezedrying, dry matter values were obtained using a vacuum oven.
2 Total fat was determined after ether extraction, and CP was measured using a N analyzer.
3 The ash content was determined using a muffle furnace. 4 The plasma was harvested in heparinized tubes and stored at -20 C until assayed for IGF-I.
Experiment 2
A total of 600 ducklings were sexed at 1 d of age and randomly allocated to three dietary programs that differed only in protein level (high protein, medium protein, and low protein). The high protein program had 25, 23, and 21% CP for the starter, grower, and finisher diets, respectively. The medium protein program had 23, 21, and 19% CP for the starter, grower, and finisher diets, respectively. The low protein program had 21, 19, and 17% CP for the starter, grower, and finisher diets, respectively. The diets were based on corn, wheat, wheat shorts, and soybean meal. At 42, 45, 48, and 49 d of age, blood samples (5 mL from the wing vein) were taken from 48 birds (24 per sex, 16 per dietary program). The breast muscle thickness of these ducks was measured with an ECHO 1000 5 ultrasound system equipped with a 7.5 MHz linear array probe. The measurements were taken on a 2 National Appliance Co., Portland, OR 97223. frozen image, where the distance between two points (in millimeters) was calculated using a built-in caliper. The carcasses were dissected into breast skin, total skin, wing, Pectoralis muscle, leg and thigh, and shell, and analyzed for dry matter, fat, protein, and ash. The plasma was harvested in heparinized tubes and stored at -20 C until assayed for IGF-I.
Experiment 3
Thirty female ducks were selected for high or low ratios of breast muscle thickness (BM) to total breast (TB) thickness using ultrasound measurement at 6 wk of age. The ducks were placed in metabolic cages were fed a commercial finisher diet for 2 d of adaptation. The study was designed to examine TME and nitrogen retention differences between the high and the low ratio ducks. The birds went through 48 h of feed deprivation, except for a dextrose solution (40 g/100 mL per 24 h) administered by tube into the lower esophagus, to empty their alimentary canals. The ducks were then tube-fed 80 g of a test diet and were deprived of feed for 15 h. Blood was then collected and the plasma samples were stored at -20 C. The ducks were fed the same test diet for ad libitum consumption for 5 d, blood was collected at 0700 h (same hour as first collection), and the plasma samples were stored at -20 C until assayed for IGF-I.
Insulin-Like Growth Factor-I Radioimmunoassay
Plasma concentration of IGF-I in Pekin ducks was evaluated by heterologous radioimmunoassay employing an anti-human IGF-I antibody (UB2-495; NIDDK), with human recombinant (r) IGF-I 6 as tracer and standard (Copeland et al., 1980) . Prior to the assay, plasma samples were acid treated to prevent the effects of plasma binding protein. Glycine-Glycine HCL (0.1 M) was added to plasma samples at a ratio of 6 to 5 (vol:vol), respectively, and incubated at 37 C in a water bath for 40 h. The samples were then neutralized with 1 M NaOH (4% of incubation volume) and diluted in assay buffer (0.03 M phosphate buffer containing 0.01 M EDTA and 0.05% Tween 20, pH 7.5). Acid treatment resulted in a parallel dose-response curve to that of human rIGF-I (Figure 1 ). All samples from each experiment were assayed at the same time to eliminate interassay variation. The intra-assay coefficients of variation averaged 4.38, 3.94, and 3.86% for Experiments 1, 2, and 3, respectively. The sensitivity of the assay, at the plasma dilutions used, was equivalent to 5 pg/ µL plasma.
Statistical Analysis
Statistical analyses of the data were performed using the General Linear Models (GLM) procedures and mixed models of the SAS (1990) library. In Experiment 1, the model included the effect of line. In Experiment 2, the data were analyzed as a factorial design with three dietary programs, two sexes, and four ages. In Experiment 3, the data were analyzed as a factorial design with two selection criteria and two states of feed consumption (feed deprived or fed). These data were treated as repeated measures with simple covariance structure and the duck was included as random effect. The multi-comparison Scheffe's test was used to separate the differences among the means for statistical significance (P < 0.05).
RESULTS AND DISCUSSION
Experiment 1
The selection for greater breast muscle thickness using ultrasound measurement resulted in ducks with higher (P < 0.05) plasma IGF-I concentration (27.32 vs 19.32 pg/ µL) than the control ducks (Figure 2 ). The selected ducks were found to be leaner, with higher protein (31.27 vs FIGURE 2. Effect of line on plasma insulin-like growth factor-I (IGF-I) of female Pekin ducks at 7 wk of age (P = 0.01). Values are means for 12 control and 12 breast muscle ducks.
27.94% CP) and lower fat (60.74 vs 64.93% fat) in their carcasses (Farhat et al., 1998b) . Overexpression of IGF-I in differentiated muscle fibers of young adult mice induced a 15% increase in muscle mass, and prevented agerelated loss of muscle mass and strength in old adult mice (Barton- Davis et al., 1998) . In chickens, abdominal fat was reported to be reduced with the administration of exogenous IGF-I . Although the birds selected for greater breast muscle thickness had improved carcass composition, their body weights were similar (Farhat et al., 1998b) , indicating that the higher IGF-I concentration was not associated with higher growth rate. This observation agrees with a statement by McMurtry (1998) that IGF-I and IGF-II in poultry may have more effect on intermediary metabolism than on growth.
Experiment 2
In Experiment 1, both the line selected for greater breast muscle and the control line ducks were females at 7 wk of age and had received the same feeding program. In this experiment, all the ducks were selected for breast muscle, but received three dietary programs that differed in protein level. Males and females were studied between 42 and 49 d of age. Dependent variables were the dietary program, sex, age, and their interactions.
There were no two-way or three-way interactions among program, sex, and age (Table 1 ). The main effects on plasma IGF-I concentrations are presented in Figures  3, 4 , and 5, respectively.
Birds on the high dietary protein program had higher (P < 0.05) plasma IGF-I than those on the programs with medium or low dietary protein, which both had similar effects (Figure 3 ). Similar differences (P < 0.05) were observed for the ultrasound measurements of breast muscle thickness, 8.42 vs 7.26 and 6.93 mm for high protein vs medium and low protein programs, respectively; as well as for the Pectoralis muscle (weight as percentage of carcass weight), 14.38 vs 12.19 and 12.02% for high protein vs medium and low protein programs, respectively (unpublished data). Kocamis et al. (1998) reported that administration of human rIGF-I into incubated eggs resulted in posthatching improvement of feed efficiency and breast and leg muscle growth. Feeding wide calorie to protein ratio diets to chickens caused lower IGF-I concentrations and increased lipogenesis (Lauterio and Scanes 1987; Rosebrough and McMurtry, 1992) . Ducks fed the high protein diet had higher plasma IGF-I and a higher growth rate than those fed the medium or low protein diets. At 45 d of age, the ducks fed the high protein diet had higher body weights (3.438 kg) than those fed the medium (3.310 kg) and low protein diets (3.274 kg) at 49 d of age (unpublished data). Although an effect of IGF-I on growth rate was not observed in Experiment 1, it is still not clear whether the growth rate difference observed in this experiment is a direct effect of dietary protein or increasing IGF-I concentration. Effects of dietary program, sex, and age on plasma  insulin-like growth factor-I (IGF-I) Means are for eight ducks per program per sex per age. There were no significant two-way or three-way interactions among programs, sexes, and ages. The main effects are presented in Figures 3, 4 , and 5.
The effect of sex of the bird on IGF-I (Figure 4 ) was significant (P < 0.05) and males had higher plasma IGF-I than females (30.30 vs 28.62 pg/µL). This difference may be explained by the higher growth rate and the higher lean tissue deposition in males. In chickens, females had the higher concentration of plasma IGF-I at 14 d of age, but males had higher IGF-I at 28 d of age (Newcombe et al., 1992) . The values reported by these authors for chickens at 28 d of age were 31.78 vs 29.09 pg/µL, indicating very similar plasma IGF-I concentrations in chickens and Pekin ducks.
There was a consistent and significant decline in plasma IGF-I from 42 to 49 d of age ( Figure 5 ). Huybrechts et al. (1985) reported an increase in plasma IGF-I concentration up to 6 wk of age followed by a decrease in this concentration in a light strain of chicken, but the increase in IGF-I levels was maintained up to 12 wk of age in heavy broiler strains. Newcombe et al. (1992) reported an increase in plasma IGF-I with age only up to 28 d of age in broiler chicks. The decrease in plasma IGF-I observed in the present study may be important in terms of its association with the sharp decline of feed efficiency in Pekin ducks observed after 6 wk of age (Farhat et al., 1998b) when most of the metabolizable energy acquired from the feed Means within column with no common superscript differ (P < 0.05).
is dedicated to body maintenance and fat deposition rather than lean tissue growth.
Experiment 3
The effects of selection for breast muscle thickness and the state of feed deprivation or feeding on plasma IGF-I are presented in Table 2 . There was a significant (P < 0.05) interaction between the selection criteria (high or low breast muscle to total breast thickness ratio, BM:TB) and the state of feed deprivation or feeding. The ducks with higher BM:TB ratio were more affected by feed withdrawal than those with a low ratio, but both had similar plasma IGF-I concentrations. When fed, the high BM:TB ratio ducks had significantly higher IGF-I than the low BM:TB ratio ducks. These data agree with those seen in chickens and Japanese quail. Morishita et al. (1993) reported depressed IGF-I concentration in feed-deprived chickens, and refeeding restored close to normal levels of IGF-I. Feed restriction in Japanese quail resulted in a decline in plasma IGF-I and refeeding reversed the effect (Schew et al., 1996) .
Pekin ducks have a fast growth rate compared to other poultry species, but possess a less desirable carcass because of a high proportion of fat. To meet current and future consumer demands, the duck industry must consider alternative dietary and management systems as well as genetic selection programs. An understanding of the characteristics of important factors influencing the metabolism involved in lean growth such as IGF-I should contribute toward improving the efficiency of lean duck production.
